The identification of the characteristics of each movement and its adjustment to the training goals are tasks that demand the interaction of many knowledge areas. These tasks are essential to the success in sports activities and training programs designed with athletic, aesthetic or healthy purposes. The objective of the present study was to compare the electromyographic (EMG) activity of the pectoralis major (PM), anterior deltoids (DA) and triceps brachii (TB) muscles during the barbell bench press (SP) and the peck deck (PD) exercises. EMG activity of TB, PM and DA were assessed during 10 maximum repetitions performed in SP and PD in 13 trained men. The results did not show any differences between exercises for PM and DA activity; however, TB activity was higher for SP than PD exercise. During SP, the PM muscle activity was higher than TB. There were no differences between PM and DA, or between DA and TB. During the PD exercise, the PM and DA muscle activities were higher than TB. There were no differences between PM and DA. It was concluded that the prime movers of both exercise are DA and PM, and there are no differences between them. Therefore, both PD and SP could be performed with the purpose to stimulate DA and PM muscles, depending on the availability of the equipments and/or the specificity of the motor tasks.
INTRODUCTION
The identification of each movement's peculiarities and its suitability to the training objectives is a task which demands the interaction of many fields of knowledge. Such task is crucial for the success in the several sports modalities and training programs with rehabilitation and/or aesthetic purposes. A number of exercises can be adopted for the development of a given muscular group; however, an exercise is usually more indicated for each specific situation. Therefore, the biomechanical study becomes important for exercises selection in each training session in order to optimize the stimuli in each body segment.
Among the used exercises for the development of the musculature of the anterior part of the chest are the barbell bench press and the machine peck deck. Both exercises involve horizontal adduction of the scapulo humeral joint; moreover, the bench press also involves the extension of the elbow joint (1) . Therefore, the main difference between the bench press and the peck deck would be the fact that the former is bi-articular while the latter involves only one articulation. Within this context, it is believed that multi-articular exercises require greater neural coordination among the muscles (2) , therefore, such movements could present a differentiated pattern in the demand of the primary and accessory motor muscles. Conversely, many coaches and enthusiasts claim that the uniarticular exercises, also known as isolation exercises, promote greater musculature activation, what is confirmed by recent studies (3) . The use of machines or free weights may also interfere in the muscular recruitment, once free weight exercises require the control of the implement in three dimensions, which can generate greater activation of the stabilizer muscles (4) (5) . On the other hand, it is believed that machine exercises require more overload in the primary motor muscle due to the reduction of the stabilizers action (6) . McCaw and Friday (5) compared the free weight and machine bench press with 60% and 80% of the workload equivalent to one maximal repetition (1RM) and observed greater muscular activation of the anterior and medium deltoids during the free weight bench press. Nevertheless, no significant differences were reported between the exercises in the activity of the pectoralis major and triceps brachii muscles.
The literature is scarce concerning the comparison of the muscular activity between the bench press and peck deck exercises. Welsch et al. (7) compare the activity of the pectoralis major and anterior deltoids muscles in three exercises: the barbell bench press; free weight bench press and free weight peck deck. According to the results, there were no differences in the EMG activity of the pectoralis major and anterior deltoids in the exercises. One of the broadest exercises is mentioned by Bompa and Cornacchia (8) , in this study 56 exercises were compared with the purpose to classify them concerning the integrated EMG signal normalized by the maximal voluntary isometric contraction (MVIC). This analysis, limited in its generalization for picking the signal of a single muscle, mention the free weight bench press as the movement which generates the heaviest overload over the pectoralis major (93%), followed by the barbell bench press (89%) and by the push-ups between benches (88%). It was not possible to find any study which has compared the EMG activity between the two most popular variations of the two exercises: the barbell bench press and the peck deck.
Another issue which needs further explanation is the difference between the EMG activities of the muscles in the same exercise. In the study by Welsch et al. (7) , the authors did not report differences between the pectoralis major and the deltoids activity in any of the evaluated exercises (barbell bench press; free weight bench press and peck deck); however, analyses in the triceps brachii muscle were not performed. In 1997, Clemons and Aaron (9) report-ed that the EMG signal of the triceps brachii normalized by the maximal MVIC, was higher comparing to the EMG signal of the pectoralis major during the bench press. The results did not reveal differences between the pectoralis major and anterior deltoids activities or anterior deltoids and triceps brachii activities. Nonetheless, a flaw in the normalization procedure of the EMG signal may have interfered in the comparisons performed by Clemons and Aaron (9) . Several methodological variations have been applied with the purpose to improve the knowledge concerning the bench press and its modifications; however, the literature is scarce concerning comparison parameters with other exercises which are also widely used in strength training. The aim of the present study was to compare the EMG activity of the pectoralis major (PM), anterior deltoids (AD) and triceps brachii (TB) muscles during the barbell bench press (BP) and machine peck deck (PD).
METHODS

Sample
The sample consisted of 13 male individuals, mean age 25.08 (± 2.58) years, weight 75.35 (± 8.49) kg and mean height 175.41 (± 5.10) cm. The mean strength training time of the subjects was 7,.8 (± 4.43) years. All subjects were experienced in the proposed exercises performance and were able to perform a 1RM of the exercises with a workload heavier than their weight. The participants signed a free and clarified consent form prior to the experiment. The study was approved by the Ethics Committee of the University of Brasília.
Experimental procedures
The EMG of the PM, TB and AD were measured during the performance of a maximal series with workload equivalent to 10 RM in both machines in order to evaluate the differences in the muscular activation in the exercises BP and PD. The 10 RM test was applied instead of the 1RM percentages with the aim to get the experiment closer to the real training situation as well as to minimize variations between exercises and individuals which can occur in the application of the maximal workload percentages (10) (11) .
Pre-test
In the week prior to the data collection, the individuals performed 10 RM tests in the two exercises according to the procedures previously used by Simão et al. (12) . The aim of the tests was to determine the maximal workload which would be used in order to perform 10 complete and consecutive movements within 2 seconds for the eccentric phase and 2 seconds for the concentric phase. Would the workload not been precisely measured in the first try, the weight was adjusted in 4 to 10 kg and the individual was submitted to a new test. The minimum interval set between each try was 5 minutes. Only three tries were allowed in each session. The tests were performed in two different occasions separated by at least 48 hours. The results of the two tests were analyzed by the Pearson correlation and the values obtained were 0.99 for the PD and 0.98 for the BP. The workload obtained in the last test performed was used in the experiment. Besides the workload establishment, the pre-test was useful for the adaptation of the subjects to the experimental protocol.
Test
At the test day, the subjects performed a maximal series of each exercise with the workload equivalent to 10 RM. The exercises were randomly performed among the individuals. The exercises were performed with a minimum interval of 20 minutes.
The exercises were performed in High On ® machines by Righetto Fitness Equipment (São Paulo-Brazil). In the BP, the subjects were told to perform the eccentric phase placing the bar in a line
The rhythm of the movements was the same adopted in the pre-test. A metronome with a rhythm of 60 beats per minute was used in order to aid in the maintenance of the movement velocity. The subjects were told to synchronize the beep with the beginning and the end of each phase (concentric and eccentric).
Electromyography
Electromyographies brandname Delsys-Bagnoli 2 (DelSys Incorporated, Boston, MA, USA) with bipolar active surface electrodes of Ag/AgCl were used for the EMG data collection. The rejection capacity of the usual mode of the electromyographies used in the experiment was of 90 dB. The electrodes were placed on the right side (dominant) of the subjects with the aid of specific doublefaced adhesive patches after hair removal and cleaning of the site with alcohol.
The electrodes were placed parallel to the muscular fibers. The positioning in the AD and TB muscles followed anatomic recommendations by Zipp (13) . Differently, for the PM the procedures adopted by Clemons and Aaron (9) were observed. The identification of the anatomic points and placement of the electrodes were performed by the same researcher.
The EMG was obtained with a 1.000 gain, a sample frequency of 2.000 Hz and the signal was submitted to a passband filter of 20 Hz to 500 Hz. The mean of five repetitions was calculated in order to guarantee that the analyses would be performed with repetitions involving correct rhythm and techniques. The first try was always excluded from the calculation since there was a possibility of the bar removal movement as well as the machine breadth being picked by the electromyography. The second try was eliminated since normally the rhythm was not adequate yet in this repetition. The rhythm violation also occurred when the individuals were close to fatigue, which led to the exclusion of the last tries. Therefore, the third to the seventh repetitions were used. After the ratification of the signal the normalization was performed by the maximal peak of contraction of the mean try (14) (15) and the RMS (Root Mean Square) energy was calculated.
Statistical analysis
The data were submitted to descriptive statistics procedures (mean and Standard deviation). The workloads used in the BP and PD exercises were compared through a t-Student test. A 2 x 3 factorial ANOVA (exercises x muscle) was used in order to verify the interaction between the exercises and muscular groups. Would significant differences occur, multiple comparisons procedures with the reliability interval correction by the Bonferroni method were applied. The significance level was of p < 0.05.
RESULTS
The sample characteristics are presented in table 1. Although the 10 RM workload mean for the PD was slightly higher compar- ing to the BP, the values did not reach significant difference (p > 0.05). The results of the EMG activity are illustrated in figure 1 .
The factorial ANOVA revealed a significant interaction between muscles and exercises (p < 0.05). During the BP, the mean values of RMS were of 5.942 (± 3.058) for the PM muscle; 4.444 (± 2.21) for the AD and 3.053 (± 1.403) for the TB. The post-hoc analyses revealed that during the BP there was greater muscular activation of the PM in relation to the TB (p < 0.01). There were no differences between the PM and AD muscles and between the TB and AD ( figure 1) .
For the PD, the mean values of RMS were 5.501 (± 2.771) for the PM muscle; 3.626 (± 1.977) for the AD and 0.552 (± 0.227) for the TB. In the PD, higher activation of the AD and PM muscles was verified in relation to the TB (p < 0.01). There were no differences between the EMG activity of the AD and PM muscles (figure 1) .
The comparison between exercises indicated higher muscular activation of the TB for the BP in comparison to the PD (p < 0.01). There were no differences between exercises for the activity of the PM and AD muscles (figure 1).
DISCUSSION
The methodological differences make the comparison and practical application of studies which through EMG try to evaluate the efficiency of exercises in the demand of specific muscles. One example is the utilization of protocols which make use of 1RM percentages for the establishment of tests intensity. Hoeger et al. (10) conducted a test in order to verify the number of repetitions possible to be performed with steady maximal workload for different exercises. The authors reported that a given percentage of 1RM allows an exacerbated number of repetitions for some exercises and a reduced number for others. Thus, studies with this methodology, such as the ones by Barnett et al. (16) , Glass and Armstrong (17) and Bompa and Cornacchia (8) , should be carefully analyzed, once the procedure itself may lead to differences in the exercises due to the overestimation or underestimation of the muscular capacity in different movements.
The results of the present study reveal that both exercises similarly recruit the PM and AD muscles. Therefore, it would be a mistake to affirm that only the PM muscles is primary motor in these movements, as commonly suggested in some books (18) . These findings are according to previous studies performed in the free weight bench press and peck deck (7, 9) and should be considered at the moment of trainings prescription, since it would be unnecessary and perhaps counter producing, that training involving these exercises are complemented with exercises directed to the AD muscle.
In the BP, the RMS values registered for the TB muscle were statistically lower than the ones for the PM and not different in comparison with the AD. These findings are opposite to the reports by Clemons and Aaron (9) , who found greater muscular activity of the TB in relation to the PM during the BP. Despite this incompatibility of results, the present study is more consistent for analysis of the TB in the BP, once in the study by Clemons and Aaron (9) the values of the signal in the concentric phase of the movement exceeded the value of the MVIC as well as generated percentages above 100% for signal energy, suggesting hence, flaw of the normalization process.
When analyzing the muscular activity in the seating knees extension (extensor table) and in the legs pressure through magnetic resonance, Enocson et al. (3) verified that the muscular activity of the quadriceps during the extensor table was higher than the quadriceps activity during the legs pressure. Although such study suggests a higher muscular recruitment in uni-articular exercises, the obtained results in the present study do not confirm this hypothesis, once no statistically significant difference was found in the activity of the PM and AD muscles between the PD and BP, which suggests that such muscles are equally recruited in the two exercises.
Although several authors have reported a differentiated recruitment pattern of the stabilizer muscles in machine exercises and free weight exercises (4) (5) (6) , such disparity was not confirmed in the present study, since the RMS values of the PM and AD muscles were similar between both exercises, corroborating recent findings by Welsch et al. (7) . Thus, it is possible to infer that both exercises are equally efficient in the recruitment of these muscles. Welsch et al. (7) recommend the free weight peck deck as a supplementary exercise, since this movement presents shorter activation time of the PM and AD muscles comparing to the BP. However, an extrapolation of this recommendation for the PD performed in machine should be cautiously seen due to the observed interactions in the present study as well as the lack of other reports in the literature about this movement.
The obtained results in the present study refer to a sample consisting of trained individuals; thereby, further studies are needed in order to evaluate the responsiveness in individuals with no experience with the tested exercises. Moreover, it is important mentioning that the calculation of the EMG signal breadth allows the quantitative analysis of the recruitment of motor units, while the results obtained with a resisted exercises program depend on the control of several variables. Therefore, one should be careful when using such results for qualification of the exercises, since it is not possible to predict the adaptations to a training program uniquely based on these data.
CONCLUSION
The PM and AD muscles were equally recruited in the BP and PD exercises, which clashes with the Idea that uni-articular exercises promote greater activity of the primary motors due to isolation. Therefore, would the aim be to promote stimuli for these muscles, both exercises may be used, depending on the availability of materials and/or specificity of motor activity in which performance improvement is searched. During the PD and the BP there was no difference between the RMS activity of the PM and AD muscles, which leads one to conclude that both muscles are equally recruited in the exercises. Such fact can make athletes and resisted -training activity practitioners save time when not including exercises specific for the AD muscle in the training sessions. Conversely, the TB muscle is not relevant in the PD performance. Moreover, it seems to have reduced recruitment in the BP, which justifies the use of these exercises mainly for the development of the chest muscles. press and peck deck exercises (PD -machine peck deck; BP -barbell bench press; TB -triceps brachii, AD -anterior deltoids, PM -pectoralis major) * significant difference between BP and PD (p < 0.01). † significant difference concerning the TB during the BP (p < 0.01). # significant difference concerning the TB during the PD.
